Liquid water is one of the key elements in the search for possible life outside of the Earth and has a wide range of consequences on various chemical and geological processes. The InSight probe landed on Mars with a special equipment dedicated to examine geophysical characteristics and internal heat flow of the planet and some meteorological instruments also included in the payload. We examine the annual and daily variations of near-surface relative humidity and surface temperature calculated from the General Circulation Model (GCM) at Elysium Planitia, the landing site of InSight and search for possible ideal times for deliquescence. We inspect three different hygroscopic salts, but find that out of the three only calcium-perchlorate could liquify at the environment of InSight. We find that nighttime ideal periods could occur in a limited window between approximately Ls 90 • and 150 • at the late evening hours centered around 9 PM. In our daily studies we find no instances where the whole night could be ideal for deliquescence. This is mostly due to the temperatures dropping below eutectic level leading to a 0.5 -2 hour long presumed ideal period before midnight. On multiple occasions the temperature is just a few degrees below the necessary limit while relative humidity is high enough, therefore the precise temperature measurements of InSight could be critical in determining ideal periods for deliquescence.
Introduction
Our aim is to investigate the potential of deliquescence at the landing site of InSight mission by the related conditions and processes to see how it could influence the hypothesis of nighttime microscopic liquid layer formation. The focus of this work is to find seasonal and daily periods, when the conditions could be favorable for deliquescence and provide context to compare the possibility of this process to other Mars surface locations. This work could also point to seasonal and daily periods, which should be analyzed in detail in the high resolution meteorological dataset of InSight to support the further improvement of climate models -to forecast periods favourable for the appearance of liquid phases.
The landing site of the InSight mission is at Elysium Planitia, located at 4.5 • N 135.9 • E, which was chosen after considering both the engineering and scientific constraints. Low latitude spot for strong solar illumination, low elevation for effective parachute driven deceleration and a smooth, flat surface with low rock coverage for safe landing and uncomplicated access to the subsurface (Golombek et al., , 2016 . The area is around the Early Hesperian transition unit (Tanaka et al., 2014) , covered by the Elysium Mons volcanits (Vaucher et al., 2009) . Based on the analysis of rocky ejecta craters, the landing site is covered by at least 3 m thick regolith . Phyllosilicate was also identified nearby at the southwest flank of Elysium Mons inside a crater (Pan and Quantin, 2018) , which might be the exposed part of a subsurface layered unit, where a clay-bearing sedimentary unit underlies the thick lava flows. The landing site is mainly covered by atmospheric dust representing the globally wind homogenized material on Mars. Its composition is expected to be weathered basaltic with high Fe/Mg, low Al 2 O 3 , made up of plagioclase, pyroxenes and olivine minerals (Riu et al., 2018) . It is enriched in Ti, Cr, Fe, S, and Cl (Berger et al., 2016) with Fe-rich amorphous composition. The material making up the regolith is dominated by palagonization process (McSween and Keil, 2000) and evaporation (Elsenousy et al., 2015) , as well as atmospheric generated oxidant deposition (Atreya et al., 2006) . Although chlorine seems to be widespread in the regolith of Mars, the exact form of chemical occurrence is unknown. However, as it was identified in the form of perchlorates at high latitudes (by Phoenix) and low latitudes (by Curiosity) as well, it seems to exist globally (Clark and Kounaves, 2016) and it could play a role in the process of deliquescence.
The wind might have significant effect on seismometry realized on Mars (Nakamura and Anderson, 1979) , thus InSight carries wind (1 Hz sampling by two separately mounted booms), air temperature (1 Hz sampling, 5 K accuracy, 0.1 K resolution) and pressure (20Hz sampling, noise level about 5 mPa) sensors (Banfield and InSight Science Team, 2014) , providing the best continuous dataset as the most complete record at a landing site ever. The system called Temperature and Winds for InSight (TWINS) is based on the heritage of the Rover Environmental Monitoring Station (REMS) onboard Curiosity rover (Velasco and Rodríguez-Manfredi, 2015) that includes a magnetometer too for possible observations related to the ionosphere (Spiga et al., 2018 , Yu et al., 2018 .
The debate of potential existence of liquid water on the surface of Mars is still ongoing. There are theoretical models predicting the presence of liquid water (Clow, 1987 , Haberle et al., 2001 , Hecht, 2002 , and some surface features favour the ephemeral appearance of a liquid phase (Brass, 1980 , Kereszturi et al., 2009 , Knauth and Burt, 2002 , Kossacki and Markiewicz, 2004 , McEwen et al., 2014 , Mellon and Phillips, 2001 , Motazedian, 2003 , Szynkiewicz et al., 2009 ). The emergence of liquid water on a microscopic scale, especially brines are favoured by the computational researches (Kossacki, 2008 , Martínez and Renno, 2013 , Möhlmann, 2004 , with the presence of brines suggested by observations of the Phoenix landing site and other locations (Chevrier et al., 2009 , Kossacki and Markiewicz, 2004 . These brines may act as possible agents of the formation of some recent flow-like features on Mars. Recurring Slope Lineae (McEwen et al., 2011 , Ojha et al., 2015 may also be connected to some form of liquid, however Dundas (2018) showed that they are largely consistent with the dust-avalanche model as well.
The meteorological observations of the Curiosity rover indicated that the nighttime conditions are favourable for the emergence of a thin, microscopic liquid film on the surface of hygroscopic mineral grains on the Martian surface and shallow subsurface (Martin-Torres et al., 2015) . Hygroscopic salts could adsorb water vapor directly from the atmosphere where deliquescence (transition from solid to aqueous phase), or efflorescence (transition from aqueous to solid phase) happen (Gough et al., 2011) . The threshold values of these processes are the eutectic relative humidity (RH eut , where the deliquescence process starts), the deliquescence relative humidity (DRH, where the deliquescence process is complete) and efflorescence relative humidity (where the thin liquid layer is lost and the material turns into a solid phase). Deliquescence phase transition occurs when the local relative humidity (RH) is equal to or exceeds the DRH level. Rivera-Valentín et al. (2018) showed that there is a third and fairy restrictive criteria, that the saturation with respect to ice should not greatly exceed 1, thus we also take that into consideration when selecting the proposed ideal times.
Methods
In determining the ideal periods we used the eutectic temperature and water activity of a solution at the eutectic temperature values detailed in Table 1 . The values of calciumperchlorate (Ca(ClO 4 ) 2 ) are from the work of Toner et al. (2014) , the magnesium-perchlorate (Mg(ClO 4 ) 2 ) from Möhlmann and Thomsen (2011) and the calcium-chloride (CaCl 2 ) from Davila et al. (2010) . Mg(ClO 4 ) 2 was identified by the Phoenix lander and is one of the most analyzed salts ) to date. The small spheroidal shaped features were observed by the robotic arm camera on the leg of the lander appeared to merge over time, which some scientist argue could be a sign that these features were in a liquid state . It is possible, that these features were produced by liquid brine form of the aforementioned hygroscopic salts, however unfortunately detailed observations are not available from the acquired images. We calculated the relative humidities for the Martian near-surface atmosphere from the data of the Laboratoire de Météorologie Dynamique Mars General Circulation Model (LMDZ GCM), detailed in (Forget et al., 1999) , including a water cycle as described in for the whole Martian Year 29. The more recent validations of the model are detailed in Millour et al. (2014) and Millour et al. (2015) . This numbering of martian years is widely used and follows the calendar proposed by R. Todd Clancy (Clancy et al., 2000) , which begins on April 11, 1955 (Ls 0 • ). The year 29 is without a global planetencircling dust storm. To derive the relative humidity first the saturation water vapor volume mixing ratio is calculated with an equation used in the Martian Climate Database based on the Goff-Gratch equation (Goff and Gratch, 1946, List, 1984) with respect to ice (Q sat i ) and with respect to liquid (Q sat l ):
where P is the surface pressure and T is the surface temperature.
After determining the necessary Q 0 value, the relative humidity with respect to ice (RH i ) or with respect to liquid (RH l ) can be calculated as:
The water vapor volume mixing ratio (VMR) calculations are not reliable under approximately 4 meters above surface due to the complexity of near-surface interactions. By assuming the vapor to be well mixed between the surface and 4 meters, we can estimate the near-surface relative humidity levels. Because of the comparison of atmospheric vapor values with surface temperature and surface pressure, the relative humidity calculations with respect to ice can reach unrealistically high outlier values in a few instances. Physically the supersaturation never goes very high, because the nighttime atmosphere is much warmer than the surface, and just near it the atmosphere is drier due to surface interactions. In some way by assuming the water vapor values to be well mixed between the surface and approximately 4 meters, we show a "potential supersaturation". To keep these outlier values from obstructing the visibility of the annual curves, we maximized the degree of supersaturation in 2.
We used Martian solar longitudes to mark the time of the year as illustrated in Pál et al. (2019) , and indicated the times of day by using local Martian times in our figures. Please note, that the graphs showing daily variations go from 15:00 local time to next day 15:00 and not from 00:00 to 24:00. We chose to create the figures this way to place the night, the most interesting time of the day for deliquescence in the middle of the graph instead of cutting it in half.
We first calculated annual surface temperature and relative humidity values from the GCM model output at a given time of the Martian day. Comparing the values with the properties of hygroscopic salts (Table 1) we found that calcium-perchlorate would be the only one with a chance of deliquescence. After investigating the annual graphs we selected a number of solar longitude ranges when the circumstances could be ideal for liquefaction. In our next step we calculated ideal time periods at these Ls values throughout a Martian day and looked for similarities between the different solar longitude times. A selection of the graphs are shown in the results section with two figures at the end summarizing the outcome of the daily ideal time investigations. The figures included in this paper were picked out as to present general common features of all graphs investigated and to also show the not ideal instances.
Results
In this section a selection of investigated graphs are shown with the annual curves in Subsection (3.1), the daily graphs selected according to the annual results in order to find the times of the highest chance of deliquescence (3.2) and the summarizing figures of ideal daily periods in subsection 3.3.
Annual results
The resulting figures in this subsection show the annual variation of surface temperature and relative humidity at a given Martian local time. Deliquescence has a theoretical chance to occur if both the temperature and the relative humidity with respect to liquid are above a certain salt specific threshold at least at two subsequent data points. Furthermore we calculated the relative humidity with respect to ice as well to check if it does not exceed 1 by too much. If it exceeds by far, then according to Rivera-Valentín et al. (2018) water vapor should be nucleating ice instead of forming brines. Finding these ideal periods is a non-trivial task due to the overall Martian dryness and cold. Usually if the temperature is high enough the humidity is low and vice versa. This is rather apparent at all annual graphs. Usually at ideal times if the relative humidity is above the DRH of calcium-perchlorate, the surface temperature stays just above the eutectic temperature (ET) resulting in ideal spikes rather than lengthy consecutive periods in most cases. The presumed ideal periods are indicated by light green shaded rectangles in all figures. Figure 1 depicts the annual variation of surface temperature and relative humidity at 9 PM Martian local time. Looking at the horizontal blue and red lines indicating the minimum DRH and ET levels of calcium-perchlorate and the light green rectangles, one can see, that theoretically ideal times occur in the first third of the year only between approximately Ls 90 • -140 • . Apart from this time window, the relative humidity stays below the minimum necessary value of calcium-perchlorate, never reaching saturation. This results in the limited, but concentrated ideal regime regardless of the temperatures remaining over the eutectic level almost throughout the entire year. In Figure 2 one can see a different scenario compared to Figure 1 . While at 9 PM there was a short but almost continuous window around between the northern summer and autumn, at 11 PM the possibility of deliquescence seems rather slim. The relative humidity levels increase compared to 9 PM and stay above the minimum value of calcium-perchlorate almost the entire first half of the martian year. However during this time the temperature levels stay too low, only going above eutectic levels from the middle of the northern summer. By this time the relative humidity levels show a significant decrease and stay below 0.5 for the rest of the year. Figure 3 represents a non-ideal scenario. Here we can see that at 3 AM at Elysium Planitia the temperature stays below the minimum threshold value for the entire martian year except for a brief period around Ls 240 • . The relative humidity values peak at 3 AM and reach as far as 1.5 after the northern summer solstice, but dip under between Ls 150 • and 250 • . This results in possibly no chance for liquefaction regardless of the briefly ideal temperature period. However, even if the surface temperatures would be high enough to reach the eutectic value between Ls 0 • -150 • and at the end of the year, the relative humidity with respect to ice is elevated well beyond 1 meaning a more likely scenario of ice formation, than brines.
Daily variations
This subsection contains the representative selection of daily curves investigated according to the prediction of the annual graphs. The cumulative results are depicted in Figure 7 shown in 3.3. Please note, that the daily graphs are centered around 3 AM and not 12 PM to position the potentially ideal nighttime in the middle of the diagram. ) Figure 4 illustrates the most characteristic potentially ideal period distribution with an almost 2 hour long possible ideal period in the late evening. All solar longitude values investigated for daily variability show the same behaviour of an approximately 0.5-2 hour long window centered around 9 PM. As it was shown in the annual graph (Fig. 1) , the daily graphs shown a chance for deliquescence between Ls 90 • -140 • . Between these the possibly ideal time windows increase from as short as 30 minutes to almost 2 hours at Ls 120 • , then gradually get shorter after that and disappear after Ls 150 • . Figure 6 depicts a non-ideal day for deliquescence. This case illustrates well the difficulty of finding the optimal time periods with the temperatures just below the ET level of calcium-perchlorate when relative humidity is high enough and vice versa.
Summary of ideal daily periods
This subsection contains the two cumulative figures showing all the ideal days throughout one Martian year. The different local times are indicated by various colors and shapes. In Figure 7 we can see the ideal days in a year versus the relative humidity at the optimal time and in Figure 7 versus the surface temperature. The tendencies implied in the selection of annual curves in 3.1 show up nicely by the concentrated group centered around Ls 120 • . 9 PM local time dominates the group with the highest relative humidity values scattered in the narrow region around Ls 120 • , but note that there is no saturation. At 1 AM there is only four points indicating a very brief potential period around Ls 135 • . There is 2 points indicating possible deliquescence at 11 PM at the right end of the group just before Ls 150 • , where the relative humidity is just above the minimum value for calcium-perchlorate deliquescence. Showing the ideal days in relation to the surface temperature, the group appears even narrower with the temperatures peaking around Ls 130 • at 9 PM. We can see that the temperature, while staying above the necessary eutectic value, never goes very high.
Discussion
With the progress of Martian research related to liquid water, the investigation of nearsurface conditions and relative humidity is getting more important, as understanding the possible ideal times for liquid water appearances could play a role in the planning of future Mars missions and in-situ measurement strategies. However, due to the complexity of processes close to the surface, the field of modelling the near-surface relative humidity research is still developing. Only two of all the spacecrafts that landed on Mars carried near-surface relative humidity sensors, the Phoenix and the Mars Science Laboratory (Gómez-Elvira et al., 2012 . Our research shows a method of investigating the possible ideal periods for deliquescence of hygroscopic salts at the landing site of the latest Mars mission, the InSight at Elysium Planitia. This can be used to examine some conditions of interest in future studies, and point to aspects, which could be the target of detailed analysis using the meteorological data from InSight to improve the estimation for the deliquescence process.
In this study we model the near-surface relative humidity and surface temperature values at the landing site of InSight (4.5 • N 135.9 • E). Through studying their annual variations as well as the daily cycles, we identify possible ideal times for deliquescence of Mars relevant hygroscopic salts, from which calcium-perchlorate proved to be the most likely candidate. We find, that ideal time windows could occur for a well defined time window between Ls 90 • -150 • between 9 PM and 1 AM. The daily results show no such instances when the presumed ideal times could be continuous through the night, the possible ideal periods occur before midnight for approximately 0.5 -2 hours centered around 9 PM. Our findings of relative humidity values and daily cycle are consistent with the recalibrated Phoenix RH sensor data shown in Fischer et al. (2018) . The daily course of relative humidity and temperature changes are in good agreement with previous measurements , Savijärvi et al., 2019 , Savijärvi et al., 2015 , while the annual cycle is consistent with the daily maximum RH measurements of the first 1258 sols of the MSL mission (MY 31-33) (Martínez et al., 2017) . The highest annual values occur around the early northern summer (Ls 90 • -Ls 120 • ). Our assumptions fit well in the search for hydration, for example the research of Farris et al. (2018) , who argues that adsorption, coupled with the cohesive nature of the regolith could serve as an active water vapor sink in agreement with . However Gough et al. (2019) showed that while hydrated Ca(ClO 4 ) 2 or potentially a brine could exist, it is not likely to experience dehydration/hydration cycles via diurnal interaction with atmospheric water vapor. In their work they found that Ca(ClO 4 ) 2 will not dehydrate back to the anhydrous phase until the temperatures reach 298 K or warmer, and even in the warmest time of the day at Elysium Planitia it never went above 290 K according to our calculations, which is important to take into consideration.
The annual variability of surface temperatures and relative humidity shows a seasonal change, and RH typically increases towards perihelion, however the nighttime surface temperatures are consistent within a degree or two during the aphelion season. Comparing the model results with the globally averaged nighttime surface temperatures measured by TES (Smith, 2004) , they are coherent as our results also show an increase from approximately Ls 120 • and decrease from approximately Ls 150 • . Looking at the diurnal curves, the temperature steadily decreases and dips below the eutectic value around the middle of the night in all instances.
The possibility of deliquescence has been investigated previously at former landing sites and the potential landing sites of the ExoMars rover in Pál and Kereszturi (2017) . The possibly not ideal shorter period in the middle of the night was also visible from the modelling results at Aeolis Palus (137.44 • E, 4.59 • S), the landing site of Curiosity, and at Oxia Planum (333.5 • E, 18.2 • N). Both of these locations, the gap in the possible ideal period was caused by the temperature just dipping below the eutectic levels. It is important to note that in those cases the relative humidity was calculated with respect to ice and not liquid. The precise measurements of InSight could decide which daily behaviour is right, whether the whole night is ideal or there is a much longer pause due to the temperatures decreasing more quickly or if only the early night hours could be ideal as shown above. It could also shed light on the validity of our annual calculations as the modeled temperature values stay close to the eutectic value. With temperature data from InSight, we could gain more information on the actual behaviour of the climate near the surface during the night.
In our study we assume water vapor volume mixing ratio to be well mixed between the surface and approximately 4 m above the surface. Thus while calculating the relative humidity values we compare atmospheric water vapor with surface temperature, similar to the earlier work of Pál and Kereszturi (2017) , Pál et al. (2019) . While this approach does not result in completely accurate data due to the complexity of near-surface processes, it gives reasonable and best among the currently available estimates. In our daily graphs we collected data at every 2 hours from the GCM model. Consequently the time windows we marked as possibly ideal should be seen as a good approximation rather than fixed local times.
Our results suggest that future in-situ measurements searching for thin liquid films at near equatorial region by deliquescence should focus on the early night hours from the beginning of the northern summer until late summer. As the RH values decrease towards the northern autumn and perihelion, the early night can be no longer ideal, even though the temperatures are over the eutectic value. Although our results show that there is only a concentrated time window between appoximately Ls 90 • -150 • , this could be the consequence of the limitations of our study detailed above, and needs further research or possible clarification with the help of the InSight measurements. Our method of calculations could also be expanded to other areas of interest in future works. Gough et al. (2014) showed that multicomponent brines would have lower DRH levels and may be more stable on the Martian surface, thus could be a good next step to investigate. A way of estimating the amount of liquid water forming could also be an interesting challenge for upcoming studies.
The results show that mostly around 9 PM could be ideal for deliquescence, but the presumed periods are not continuous due to temperature fluctuating near the eutectic value. The precise measurements from InSight could be used to compare with the model results to determine if the periods are continuous or not or even if they start sooner from around Ls 75 • when the calculated relative humidity first reaches above the minimum levels. More accurate in-situ temperature data could be useful at the 11 PM data as well, where the beginning of the year, between Ls 0 -150 • the temperature stays close to the threshold value. It would be also interesting to see, that at 3 AM between Ls 150 -250 • the temperature indeed stays just below ET level or not. The daily graphs show a typical behaviour of temperature dropping below ET value around midnight. InSight in-situ ground truth measurements could shed light on if the decrease in temperature is valid or the potentially ideal periods could last for the whole duration of the night as the relative humidity values stay above minimum levels until the early morning hours.
Conclusion
In our study we calculated near-surface relative humidity values from the output of LMDZ GCM climate model of Mars and compared them with surface temperature data to find possible ideal time periods for the deliquescence of certain hygroscopic salts at the landing site of InSight. We investigated the annual variations to search ideal times throughout the Martian year. After the annual study we examined daily cycles and presumed ideal time windows according to local times.
We have found that at Elysium Planitia, the landing site of InSight potentially ideal time periods for deliquescence could occur at a concentrated period between approximately Ls 90 • -150 • . Our daily cycle studies show that the ideal local times fluctuate around 9 PM showing 0.5 -2 hours of possible deliquescence before midnight. In all instances we found no such day where the ideal period could last all night long due to the temperature dropping below the necessary value. The precise temperature measurements of InSight as in-situ measured ground truth could help determine if the circumstances are ideal continuously or the ideal periods truly end before midnight even with the relative humidity staying elevated until the early morning hours.
Our results suggest time periods which could be interesting in the search for liquid brine appearance throughout a Martian year. We also propose a method to look for the possibly ideal times from model calculations as with the HABIT equipment on the upcoming Exo-Mars 2020 lander deliquescence studies require more and more attention, as ExoMars will be also situated close to the equator.
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